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Unusual Non-neoplastic Pulmonary 
Conditions

Annikka Weissferdt

In this chapter, various unusual non-neoplastic pulmonary 
disorders are discussed. This group of lesions encompasses a 
range of different conditions that may be of multifactorial, 
immunologic, genetic, or uncertain etiology. Awareness of 
the existence of these relatively rare disorders and their his-
topathological characteristics is necessary for the pathologist 
in order to avoid misdiagnosis. In this context, the conditions 
reviewed include pulmonary placental transmogrification, 
pulmonary alveolar proteinosis, pulmonary alveolar micro-
lithiasis, diffuse pulmonary ossification, pulmonary calcifi-
cation, pulmonary hyalinizing granuloma, pulmonary 
amyloidosis, and pulmonary light chain deposition disease.

8.1	 �Pulmonary Placental 
Transmogrification

Pulmonary placental transmogrification (PPT) is a rare benign 
condition of the lung that was first described in abstract form 
by McChesney in 1979 as an unusual cystic lesion [1]. The 
term placental transmogrification was chosen to describe a 
process whereby the pulmonary parenchyma undergoes 
severe emphysematous change with formation of fibrous pap-
illary structures closely resembling the chorionic villi of the 
placenta [1]. The pathogenesis of this condition is largely 
unknown, and several different hypotheses have been put for-
ward to account for this phenomenon, but most authors appear 
to agree that PPT represents a variant of bullous emphysema 
[2–4]. Histologically, a range of features can be seen in these 
lesions which have led to a variety of designations for this 
condition, including placentoid bullous lesion of the lung [5] 
and pulmonary lipomatosis [6]. Ultimately, all theses condi-
tions seem to represent lesions in the spectrum of PPT [7].

8.1.1	 �Clinical Features

PPT has been reported in patients with an age range from 24 
to 72 years and with an average age at diagnosis of 46 years. 

About half of the patients have a history of smoking, and the 
majority of patients are men [5, 8, 9]. Presenting symptoms 
primarily include chest pain, cough, chronic obstructive lung 
disease, and pneumothorax. Concurrent emphysematous 
changes and the presence of pulmonary chondroid hamarto-
mas are other common associations [8]. Radiologically, the 
lesions are typically unilateral intrapulmonary bullous cysts 
or more rarely solid lung masses [7, 8, 10]. PPT is an entirely 
benign lesion that is curable with lung-sparing surgical 
resection leading to rapid improvement of symptoms and 
quality of life. To date, no recurrences have been reported 
after surgical treatment [10].

8.1.2	 �Pathological Features

Gross examination of lungs with PPT reveals the presence of 
cystic lesions filled with vesicular, grape-like, or spongy 
material, closely resembling molar placental tissue [11, 12]. 
Microscopically, the lung parenchyma is collapsed and 
replaced by numerous papillary structures with progression 
of changes ranging from stromal cores composed of oval- or 
spindle-shaped cells and proliferation of vascular channels to 
cores primarily filled by adipose and/or lymphoid tissue with 
germinal centers (Fig.  8.1a–d). Further changes include 
edematous stromal cores with single vascular channels or 
sclerosis of the papillary structures (Fig. 8.2a, b). The papil-
lary structures are typically lined by an epithelium that is flat, 
cuboidal, or columnar and can be ciliated (Fig. 8.3). The bor-
der to the surrounding uninvolved lung is usually non-
descript, and the lesions often merge with emphysematous 
lung parenchyma [2, 7].

8.1.3	 �Immunohistochemical Features

The immunohistochemical phenotype of PPT is incom-
pletely described; however, from the published data, it 
appears that the epithelial cells lining the papillary structures 
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are immunoreactive for pancytokeratin and TTF-1, while the 
stromal cells within the cores are positive for CD10 and 
vimentin [8, 13, 14].

8.1.4	 �Differential Diagnosis

Based on the varied histopathological presentation of PPT, 
the differential diagnosis includes vascular lesions such as 

hemangioma or lymphangioma, pneumocytoma (sclerosing 
hemangioma), or bullous emphysema. Compared to PPT, 
pulmonary hemangiomas or lymphangiomas are more infil-
trative lesions involving the lung parenchyma containing 
spaces filled with blood or lymph. Pneumocytomas are well-
circumscribed benign tumors of the lung that typically affect 
middle-aged to older female patients. Microscopically, pneu-
mocytomas are characterized by the simultaneous presence 
of papillary, angiomatoid, solid, and sclerotic patterns as 
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Fig.  8.1  (a) Low power view of a lung with placental transmogrifica-
tion showing replacement of the lung parenchyma by numerous papil-
lary structures; (b) the air spaces are distorted resulting in an 

emphysematous appearance; (c) the papillary structures often closely 
resemble the chorionic villi of the placenta; (d) the papillary cores can 
be composed of adipose or lymphoid tissue

8  Unusual Non-neoplastic Pulmonary Conditions



237

well as a dual tumor cell population comprising epithelial 
lining cells and stromal round cells. This simultaneous pres-
ence of multiple growth patterns and dual cell population are 
not features typically associated with PPT. Furthermore, the 
unilateral cystic appearance of PPT can be distinguished 
from the bilateral diffuse involvement of the lung in bullous 
emphysema which typically affects an older smoker 
population.

8.2	 �Alveolar Proteinosis

Pulmonary alveolar proteinosis (PAP) is a rare disorder 
that leads to the accumulation of lipoproteinaceous surfac-
tant components in the alveolar spaces. The disease was 
first described by Rosen in 1958 describing 27 patients 
with this remarkable condition [15]. Since its first descrip-
tion, PAP has been recognized to occur in three clinically 
distinct forms: congenital, primary (idiopathic or autoim-
mune), and secondary although the vast majority of cases 
occur in adults in the autoimmune setting (>90%) [16]. 
Irrespective of clinical subtype, the resultant disturbance 
will lead to physical manifestations ranging from asymp-
tomatic disease to full-blown respiratory failure [17]. 
Recent advances in this disease have led to the discovery 
of some of the mechanisms underlying the pathogenesis of 
PAP which seems to vary in the three different types. 
Congenital PAP is attributed to a genetic defect due to 
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Fig.  8.2  (a) Some of the papillary cores in placental transmogrification of the lung can contain prominent vascular channels; (b) other papillae 
show dense sclerotic changes

Fig.  8.3  The epithelial lining of the papillary structures in placental 
transmogrification is typically flat or cuboidal in nature but can also be 
composed of columnar or ciliated epithelium

8.2  Alveolar Proteinosis
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mutations affecting the surfactant protein B (SFTPB), 
ABC transporter 3 (ABCA3), or colony-stimulating factor 
2 receptor beta (CSF2RB) genes. Mutations in these genes 
can lead to failure of production of mature surfactant B, 
reduced or absent expression of the protein, or functional 
deficiency of granulocyte-monocyte colony-stimulating 
factor (GM-CSF) [16]. Deficiency of GM-CSF due to neu-
tralizing autoantibodies is responsible for the development 
of idiopathic or autoimmune PAP. Involvement of 
GM-CSF in human cases of PAP was suspected after the 
discovery that knockout mice deficient in GM-CSF devel-
oped lung lesions similar to PAP [18, 19]. Secondary PAP 
has been associated with environmental exposure to toxins 
or dusts and hematological disorders for which defective 
alveolar macrophage function or reduction in their number 
due to cytopenia is the likely causative mechanism [20, 
21]. Regardless of the underlying etiology, all forms of 
PAP will lead to the accumulation of phospholipid mate-
rial and cellular debris within alveolar spaces diminishing 
gas exchange and resulting in respiratory distress and 
potentially death [22].

8.2.1	 �Clinical Features

Clinical history, including family history of pulmonary dis-
ease, consanguinity, history of hematologic disorder, and age 
at onset are important parameters in the workup of patients 
with suspected PAP. While congenital PAP usually presents 
immediately after birth or after a postnatal, symptom-free 
period ranging from a few weeks to several years, patients 
with autoimmune and secondary PAP are almost always 
adults with a peak age at diagnosis in the 3rd to 6th decade 
and near equal sex ratio. The main symptoms are often non-
specific and in the congenital form include progressive onset 
of dyspnea during feeding or exercise and later at rest as well 
as cough, cyanosis, and digital clubbing. Clinical disease in 
adult patients is usually characterized by an insidious onset 
of dyspnea, cough, weight loss, hemoptysis, fever, and pro-
duction of milky white frothy sputum. A more acute presen-
tation may occur in a minority of patients with rapid 
progression to respiratory failure and death. On the other 
hand, up to 30% of patients are asymptomatic at presenta-
tion, and the disease is diagnosed during workup for unre-
lated reasons [16, 23]. Chest radiographs of patients with 
PAP typically show bilateral symmetric ill-defined nodular 
or confluent alveolar filling patterns with a perihilar or basal 
distribution. Rare cases may also show asymmetric, unilat-
eral, peripheral, or lobar patterns [24]. High-resolution CT 
shows smooth interlobar or intralobar septal thickening 
superimposed on a background of ground glass opacities 
producing a characteristic crazy paving pattern [25] 
(Fig.  8.4). Although this pattern is not entirely pathogno-

monic for PAP, the combination of typical clinical features, 
such as slow onset of the disease coupled with the character-
istic radiological features as well as the dissociation between 
clinical and radiological findings, facilitates its diagno-
sis. The treatment and prognosis of PAP largely depends on 
the underlying etiology. Mild forms of the congenital disease 
can be treated with supportive therapy only, while whole-
lung lavage and lung transplantation may be required in 
more severe cases [26]. Optimal management for patients 
with the secondary form of PAP requires therapy directed 
against the causative disorder along with supportive respira-
tory care [27]. Whole-lung lavage remains the gold standard 
of therapy for patients with idiopathic PAP.  Supplemental 
GM-CSF therapy, plasmapheresis to reduce GM-CSF anti-
bodies, and rituximab are additional therapeutic options 
[28–30]. The survival for patients with idiopathic PAP lies in 
the order of 85–94% at 5 years [31], while reports on patients 
with congenital PAP indicate a poor prognosis with survival 
measured in days or months [32, 33].

8.2.2	 �Pathological Features

The histological features of all types of PAP are similar irre-
spective of the underlying etiology. The characteristic fea-
ture is the filing of alveolar spaces with an amorphous 
granular or globular periodic acid Schiff (PAS)-positive 
eosinophilic material intermixed with cellular debris derived 

Fig.  8.4  Computed tomography scan of the chest of a patient with 
pulmonary alveolar proteinosis shows patchy ground glass opacities in 
both lungs resulting in a “crazy paving” pattern; bilateral pleural effu-
sions can also be noted
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from degenerating alveolar macrophages, detached pneumo-
cytes, and cholesterol clefts (Fig.  8.5a–c). The alveolar 
architecture is typically preserved, but alveolar walls may 
thicken over time and progress to pulmonary fibrosis 
(Fig. 8.6). Typically, a slight retraction space separates the 
alveolar walls from the exudate (Fig. 8.7). Type II pneumo-
cyte hyperplasia may be seen lining these walls, and the sur-
rounding alveoli may show emphysematous changes or 
lymphocytic infiltration [16, 23].

8.2.3	 �Laboratory Diagnosis, Histochemical 
Stains, and Immunohistochemical 
Stains

Apart from physical examination, clinical history, and 
radiologic imaging, bronchoalveolar lavage (BAL) fluid can 
be helpful in the diagnosis of PAP. Characteristically, BAL 
fluid from patients with PAP is milky and opaque and settles 
into a thick sediment layer and a translucent supernatant. 
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Fig.  8.5  (a) Low power view of a case of pulmonary alveolar pro-
teinosis demonstrates alveolar spaces filled with deeply eosinophilic 
material; (b) this material is typically amorphous and has a granular 

appearance; (c) cellular debris and cholesterol clefts within the protein-
aceous exudate are other typical findings in this condition
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Enlarged foamy alveolar macrophages engorged with dia-
stase-resistant PAS-positive intracellular inclusions are a 
striking feature [34, 35]. BAL fluid and electron microscopy 
analysis of tissue sections will also reveal concentrically 
laminated bodies called lamellar bodies that are considered 
diagnostic of PAP [36, 37]. Lung biopsy is currently consid-

ered the gold standard for diagnosis of the disease and can 
be supported by molecular techniques and genetic testing in 
cases of congenital PAP and detection of GM-CSF antibod-
ies by latex agglutination test for idiopathic PAP. 
Immunohistochemically, the granular material is reactive 
with antibodies directed against surfactant protein; histo-
chemical studies will reveal that the granular material is dif-
fusely positive for PAS (Fig. 8.8a, b).

8.2.4	 �Differential Diagnosis

Intraalveolar accumulation of proteinaceous material may 
also be observed in other pathologic conditions and in this 
context, the differential diagnosis for PAP primarily includes 
pulmonary edema and pneumocystis pneumonia. The latter 
typically has a more dramatic clinical presentation, a more 
foamy-appearing finely vacuolated exudate, and a higher 
degree of inflammatory changes in the background lung 
parenchyma. Pulmonary edema on the other hand lacks the 
granular material and cellular debris that are characteristi-
cally associated with PAP.

8.3	 �Alveolar Microlithiasis

Pulmonary alveolar microlithiasis (PAM) is a rare 
autosomal-recessive genetic lung disorder that is charac-
terized by numerous calcifications filling the alveolar 
spaces. First recognized as a distinct disease by Harbitz in 
1918 [38], it was not until 1933 that Ludwig Puhr named 
the process “Mikrolithiasis alveolaris pulmonum” [39]. 
The underlying cause for this condition remained unknown 
for a long time until it emerged that homozygous muta-
tions in the gene solute carrier family 34 (sodium phos-
phate), member 2 (SLC34A2) are significantly related to 
the development of PAM [40]. This gene encodes a mem-
brane protein (type IIb sodium-dependent phosphate trans-
porter) that is primarily expressed in the apical portions of 
alveolar type II cells and is the most common phosphate 
carrier in the lungs [41]. Mutations affecting SLC34A2 can 
thereby lead to loss of gene expression, the production of a 
defective protein or result in the formation of concretions 
or microliths composed of calcium and phosphorus in the 
alveolar spaces [42, 43]. The occurrence can be sporadic 
or familial with up to 1/3 of cases being hereditary [44]. 
The disease has a long and protracted clinical course with 
gradual loss of lung function, respiratory failure, pulmo-
nary hypertension, and eventually cor pulmonale and 
death. No particular geographic distribution has been iden-
tified, although the disease seems to be most prevalent in 
Turkey, Italy, and the United States [45].

Fig.  8.6  Mild thickening of alveolar septa may be seen in pulmonary 
alveolar proteinosis and may over time progress to interstitial fibrosis

Fig.  8.7  The exudate in pulmonary alveolar proteinosis is often sepa-
rated from the alveolar walls by a small area of retraction
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8.3.1	 �Clinical Features

PAM can affect individuals at any age but patients normally 
become symptomatic in the 3rd to 4th decade of life. Males 
and females are equally affected with no specific gender pre-
dilection. The hallmark of PAM is the dissociation between 
the paucity of clinical findings compared to the imaging find-
ings. Often the patients are entirely asymptomatic and their 
disease is only detected incidentally, while others present 
with symptoms such as chest pain, dyspnea, dry cough, grad-
ual decrease in exercise tolerance, or sporadic hemoptysis 
[42]. Pulmonary function tests initially remain normal but as 
the disease progresses will show a restrictive pattern [46]. 
PAM usually progresses within 10–20 years from the time of 
diagnosis; however, reported follow-up periods can be as 
long as more than 40 years [45, 47]. Death typically occurs 
10–15 years after diagnosis usually as a result of respiratory 
failure secondary to pulmonary hypertension and cor pulmo-
nale [41]. Extrapulmonary manifestations associated with 
SLC34A2 mutations do exist and may vary according to the 
mutational penetrance. These include medullary nephrocal-
cinosis, nephrolithiasis, cholelithiasis, calcification of the 
lumbar spine, testicular involvement, and cardiac valve cal-
cifications [48, 49]. In addition, PAM has been described in 
association with comorbidities such as pectus excavatum, 
hypertrophic pulmonary osteoarthropathy, milk-alkali syn-
drome, diaphyseal aclasia, autosomal-recessive Waardenburg 
anophthalmia syndrome, and lymphocytic interstitial pneu-
monitis [50]. Chest X-rays of patients with PAM typically 

demonstrate diffuse bilateral areas of micronodular calcifica-
tion, producing a characteristic “sandstorm” appearance. 
These changes are first apparent in the lower portions, then 
in the middle portions, and finally in the superior portions of 
the lung. Other findings include small apical bullae and a 
black pleural line representing an area of linear hyperlucency 
caused by small thin-walled subpleural cysts [51, 52]. High-
resolution CT shows diffuse ground glass attenuation repre-
senting small calcifications in the air spaces in patients with 
early-stage disease [53]. Subpleural linear calcifications are 
often apparent and are a reflection of the accumulation of 
calcifications in the lung periphery mimicking pseudopleural 
calcifications [53]. Small parenchymal nodules diffusely 
spread throughout the lung parenchyma as seen on CT cor-
respond to the “sandstorm” picture on plain chest radio-
graphs, while subpleural cysts with diameters of 5–10 mm 
correlate with the “black pleura sign” on chest X-rays. Areas 
of ground glass opacity with thickening of the interposed 
interlobular septa, the so-called crazy paving pattern, are 
considered highly specific if not pathognomonic of PAM 
[53, 54]. In fact, the imaging features of PAM are so charac-
teristic that additional diagnostic investigations are often 
unnecessary, especially in patients with a family history of 
the disorder [45]. Currently, no effective treatment has been 
recognized for patients with PAM. The disease may progress 
to interstitial fibrosis causing pulmonary hypertension, cor 
pulmonale, and ultimately pulmonary and right heart failure. 
Systemic steroid treatment and repeated bronchoalveolar 
lavage have proven ineffective [41], and disodium etidro-
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Fig.  8.8  (a) Strong reactivity of the exudate in pulmonary alveolar proteinosis with surfactant protein by immunohistochemistry; (b) the material 
is also brightly positive with a periodic acid-Schiff (PAS) histochemical stain
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nate, a diphosphonate, has been used in the treatment of 
PAM with mixed results [50]. Lung transplantation is cur-
rently the only effective therapy but should be performed 
before the disease progresses to an advanced stage [55].

8.3.2	 �Pathological Features

Gross examinations of the lungs of patients with PAM will 
show large, heavy, and firm lungs that completely fill the tho-
racic cavity. The outer surface of the lungs has a granular 
appearance due to protrusion of microliths into the visceral 
pleura. The tissue is difficult to cut and will reveal numerous 
sand-like concretions and dilated spaces containing micro-
liths [42]. Microscopically, the characteristic calcospherites 
located within dilated alveolar spaces are apparent. These 
measure 250–750 μm in diameter and consist of concentri-
cally laminated bodies with an onion-skin appearance and 
amorphous- or granular-appearing nuclei. These microliths 
lie freely within the alveoli. Complete obliteration of the alve-
olar spaces can occur with gradual growth and can lead to 
compression of the alveolar walls and resulting fibrous 
replacement [39, 42].

8.3.3	 �Laboratory Diagnosis 
and Histochemical Stains

The diagnosis of PAM can often be established by the clini-
cal history and typical radiological pattern alone without 
the need for more invasive procedures [44, 53]. However, in 
some cases, sputum, bronchoalveolar lavage examination 
and lung biopsy are performed and will typically reveal the 
characteristic purple-brown concentric calcifications which 
may show PAS-positive tinctorial properties [56]. Chemical 
analysis of these normally yields a phosphorus/calcium 
ratio of 1:2 consistent with calcium phosphate [42, 57]. 
Routine blood tests, including serum calcium, and hepatic, 

renal, and parathyroid function tests are usually within nor-
mal limits. Increased serum levels of surfactant A and D 
have more recently been described in patients with PAM 
and may be used to monitor disease activity and progres-
sion [58].

8.3.4	 �Differential Diagnosis

The differential diagnosis of PAM includes metastatic or 
dystrophic pulmonary calcification, pulmonary corpora 
amylacea, and so-called pulmonary blue bodies. In meta-
static or dystrophic calcification, the deposits have a dif-
ferent shape and are typically located in the interstitium, 
whereas in PAM, deposits are round lamellar calcifica-
tions within alveolar spaces. Corpora amylacea are lami-
nated round bodies often found in emphysematous lungs 
or in the lungs of elderly patients. They demonstrate 
eosinophilic properties on H&E sections and also differ 
from microliths by their smaller size (30–200  μm). In 
addition, calcification is not a feature of pulmonary cor-
pora amylacea. Pulmonary blue bodies are intraalveolar 
laminated basophilic concretions consisting of calcium 
carbonate in a mucopolysaccharide matrix. These can be 
distinguished from pulmonary microliths based on their 
small size (15–40  μm), different chemical composition, 
and absence of typical imaging findings for patients with 
PAM [42].

8.4	 �Diffuse Pulmonary Ossification

Diffuse pulmonary ossification is an uncommon condition 
characterized by progressive metaplastic bone formation 
in the lung parenchyma. Luschka first described diffuse 
pulmonary ossification in 1856 [59], and more recently 
two types of the disease have been recognized: dendriform 
pulmonary ossification (DPO) and nodular pulmonary 

Table 8.1  Pertinent characteristics of diffuse pulmonary ossification

Dendriform pulmonary ossification Nodular pulmonary ossification
Clinical association Chronic obstructive lung disease

Interstitial pulmonary fibrosis
Adult respiratory distress syndrome
Organizing pneumonia
Pneumoconioses
Asbestosis
Heavy metal exposure

Chronic cardiac failure
Cardiac valve disorders
Hypertrophic subaortic stenosis

Radiology Branching coral-like densities, lower lobe predominant Multiple calcified nodules, lower lobe 
predominant

Pathology Angulated and branching osseous structures with 
marrow elements and/or fat

Nodules of mature lamellar bone within alveoli, 
no marrow elements/fat

Treatment and prognosis Based on treatment of underlying disease; symptomatic 
relief; slowly progressive

Based on treatment of underlying disease; 
symptomatic relief; slowly progressive
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ossification (NPO) (Table  8.1). The bone formation in 
either form is thought to represent a metaplastic response 
to chronic lung injury. What distinguishes the two is the 
clinical context, the quality, and the location of the bony 
deposits in the lung. While the ossification in DPO is com-
monly associated with chronic obstructive pulmonary dis-
ease or interstitial pulmonary fibrosis, NPO is often the 
result of a passive congestive disorder, such as cardiac 
valve disease or heart failure. Furthermore, histologically, 
DPO has a dendritic or coral-like appearance growing 
along the alveolar septa, whereas NPO consists of ossified 
nodules within the alveolar spaces [60–63] (Table  8.1). 
Diffuse pulmonary ossification is usually not diagnosed 
clinically and often only recognized on radiologic imaging 
or at autopsy. Occasionally, however, pathologic evalua-
tion of surgical specimens becomes necessary requiring 
awareness of this rare entity in order to correctly identify 
its features.

8.4.1	 �Clinical Features

The nodular form of diffuse pulmonary ossification char-
acteristically occurs in a setting of mitral valve stenosis, 
but it can generally develop with any process leading to 
chronic pulmonary edema and pulmonary venous hyper-
tension [64]. DPO, on the other hand, is most often seen in 
patients with pulmonary interstitial fibrosis, especially 
usual interstitial pneumonitis (UIP), and preferentially 
affects men in the 5th and 6th decades of life [61, 65–67]. 
Clinical manifestations in diffuse pulmonary ossification 
are unusual, and patients are typically asymptomatic or 
present with minimal complaints, such as cough, dyspnea, 
or other symptoms related to any underlying lung or car-
diac disease [68]. In some cases, pulmonary function tests 
can show a restrictive pattern and decreased diffusion 
capacity [68]. Radiologically, DPO often manifests as fine 
linear branching opacities that may be mistaken for bron-
chiectasis or interstitial lung disease [62], while NPO 
shows multiple calcified nodules usually measuring 
1–5 mm in diameter, indistinguishable from other types of 
diffuse parenchymal calcification [69, 70]. Both forms of 
the disease typically affect the lower lobes of the lung 
[65]. The clinical course of diffuse pulmonary ossification 
is indolent with slow progression or stable disease over 
time but generally depends on the underlying physical 
condition of the patient. Disease regression has not been 
described [71, 72]. There is no definitive treatment for the 
disease other than symptomatic relief although the role of 
bisphosphonates and warfarin in delaying or preventing 
ossification of the pulmonary parenchyma is currently 
undergoing investigation [72].

8.4.2	 �Pathological Features

Gross examination of the lungs affected by diffuse pulmo-
nary ossification will show multiple firm to hard nodules or 
branching structures, scattered or clustered in the lung paren-
chyma. These typically protrude above the surrounding tis-
sue and are easily enucleated [73]. Histologic examination 
will reveal the presence of numerous angulated and branch-
ing osseous structures in the interstitial spaces of the sub-
pleural, interlobular, and interalveolar spaces in DPO. These 
often have a tubular shape and are found arising from an 
underlying fibrosing interstitial pneumonitis (Fig.  8.9). 
Occasionally, the bony spicules project into alveolar lumina, 
and their intertrabecular spaces often contain fatty marrow 
elements [60, 61, 66, 73] (Fig. 8.10). Contrary to DPO, NPO 
consists of nodular proliferations of mature lamellar bone, 
1–5 mm in diameter, lying freely within the alveolar spaces 
and devoid of marrow elements [64, 74] (Fig. 8.11a, b). The 
surrounding lung parenchyma may be collapsed or fibrotic 
and contain non-specific inflammatory infiltrates.

8.4.3	 �Differential Diagnosis

Although the histopathological features of DPO and NPO 
can be distinguished without difficulty, in some cases, over-
lapping histological features can be noted, and many of the 
patients share similar clinical problems (Table 8.1). Other 
calcifying lesions that can present in the lung include meta-

Fig.  8.9  Dendriform pulmonary ossification characterized by bony 
spicules in the interstitial spaces
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static pulmonary calcification and a condition termed alve-
olar microlithiasis. The former is characterized by 
deposition of calcium within the interstitial spaces in a 
clinical setting of hypercalcemia. This process primarily 
involves the upper lobe of the lungs and the distribution of 
the calcium salts follows a more haphazard pattern, gener-

ally being deposited in the alveolar walls, bronchial wall, 
and airways. Contrary to diffuse pulmonary ossification, 
alveolar microlithiasis is a genetic disorder affecting 
younger adults. Histologically, the disease is characterized 
by small, round calcospherites or microliths (250–750 μm 
in diameter) composed of calcium and phosphorus that pri-
marily fill the alveolar spaces but does not usually involve 
the interstitium.

8.5	 �Pulmonary Calcification

Pulmonary calcification refers to the deposition of calcium 
salts in the lung parenchyma as a result of a number of 
pathologic conditions. This can be broadly divided into two 
forms: (1) metastatic pulmonary calcification (MPC), 
which is the result of calcium deposition in normal lung 
parenchyma, and (2) dystrophic pulmonary calcification 
(DPC), which occurs when calcification is superimposed 
on previously injured lung [68] (Table 8.2). The majority of 

Fig.  8.10  The bone in dendriform pulmonary ossification often con-
tains fatty marrow elements

a b

Fig.  8.11  (a) Nodular pulmonary ossification shows nodular deposits of mature bone in the alveolar spaces; (b) the bony nodules are composed 
of lamellar bone and are devoid of marrow elements

Table 8.2  Etiology of pulmonary calcification

Metastatic pulmonary 
calcification

Dystrophic pulmonary 
calcification

Hypercalcemia:
Chronic renal failure
Hyperparathyroidism
Tumor-associated 
hypercalcemia
 � Osteolytic metastases
 � Paraneoplastic syndromes

Ischemia
Trauma
Inflammation
Metabolic disturbances
Infections
Inhalational injury
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cases of MPC affect patients with hypercalcemia, particu-
larly those with hyperparathyroidism due to chronic renal 
failure leading to calcium deposition in various organs [75–
77]. The mechanism to cause MPC is not entirely under-
stood but may be influenced by serum calcium and 
phosphate concentrations, alkaline phosphatase activity, 
and local physiochemical conditions [68]. Amorphous cal-
cium deposits in necrotic or degenerate tissue in patients 
with normal calcium metabolism on the other hand are the 
hallmark of dystrophic calcification [78].

8.5.1	 �Clinical Features

Pulmonary calcification in MPC and DPC is not an age-
related phenomenon but can affect patients of all age 
groups according to the underlying disorder. MPC is most 
frequently seen in patients undergoing dialysis for chronic 
renal failure. Other causes include primary or secondary 
hyperparathyroidism, hypervitaminosis D, milk-alkali 
syndrome, or hypercalcemia in patients with hematolym-
phoid malignancies or bone metastases [78–87]. DPC on 
the other hand typically follows caseation, necrosis, or 
fibrosis and may complicate a range of infectious diseases, 
including histoplasmosis, pneumocystis infection, or 
tuberculosis as well as amyloidosis, vascular degenerative 
changes, or tumors [78, 88–90]. The prevalence of MPC in 
the unselected population is very low but is dramatically 
increased in hemodialyzed patients, among whom 60–75% 
were found to be affected by MPC at autopsy [91–93]. 
Most patients with pulmonary calcification are asymptom-
atic, and pulmonary function tests are usually normal 
although, occasionally, restrictive lung function, decreased 
diffusion capacity, hypoxemia, and respiratory failure can 
occur [76, 94]. Respiratory symptoms, including dyspnea 
and non-productive chronic cough, may be further mani-
festations of the condition, but the degree of calcification 
usually does not correlate with the extent of the pathology. 
Chest radiographs are often normal or reveal poorly 
defined opacities, but calcifications are only seldom evi-
dent on the radiograph (Fig. 8.12). High-resolution com-
puted tomography (HRCT) will demonstrate centrilobular 
ground glass opacities with multiple poorly defined nod-
ules measuring 3–10  mm in diameter or less commonly 
areas of air space consolidation [95, 96] (Fig. 8.13). Bone 
scintigraphy can help identify pulmonary calcification in 
cases where radiographs and HRCT are equivocal [97]. If 
recognized early, MPC can regress provided that the renal 
function returns to normal after parathyroidectomy or 
renal transplantation [98–100]. In general, however, the 
treatment and prognosis of MPC depends on the underly-
ing condition. In some patients, disease progression with 
respiratory failure and death has been reported [101, 102].

8.5.2	 �Pathological Features

Grossly, the lungs in MPC will display a cut surface that is 
characterized by numerous yellow-gray spongy nodules 
measuring up to 0.7 cm in diameter [91]. Typically, the lungs 
will be involved in an asymmetric and bilateral pattern [78]. 
Histologically, the process is restricted to the interstitial 
spaces and shows deposition of deeply basophilic granular or 
linear calcium in the walls of the alveoli leading to alveolar 
rigidity (Fig. 8.14a–c). The calcification appears to have a 
particular affinity for elastic tissue and can also be seen in the 

Fig.  8.12  Ill-defined opacities in both lungs are apparent in this chest 
radiograph of a patient with metastatic pulmonary calcification

Fig.  8.13  On a computed tomography scan of the chest, metastatic 
pulmonary calcification is seen as multiple consolidative calcific densi-
ties throughout both lungs
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walls of small vessels, bronchi, and bronchioles [78, 91] 
(Fig.  8.15a, b). In contrast, the calcifications in DPC can 
show variable gross and microscopic patterns depending on 
the underlying etiologic cause and can range from plate-like, 
elongated, or shell-shaped calcifications in pneumocystis 
pneumonia [78] to interstitial calcium deposits in the sub-
pleural regions in the lower zones of the lung in amyloidosis 
[68] (Fig. 8.16).

8.5.3	 �Differential Diagnosis

Distinction of MPC from DPC should be relatively straight-
forward taking into account the clinical setting and histologi-
cal pattern of the disease. MPC almost exclusively occurs 
against a background of hypercalcemia due to various clini-
cal causes. Contrary to that, DPC is unrelated to such setting 
and primarily occurs as a result of tissue injury. Similarly, the 

a

c

b

Fig.  8.14  (a) Low power magnification of metastatic pulmonary calcification shows deposition of eosinophilic granular and calcified material in 
the interstitial spaces of the lung parenchyma; (b) the calcifications often have a linear shape and are (c) distributed along the alveolar walls
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histological pattern in MPC often shows bilateral lung 
involvement with predilection of the upper zones, while in 
DPC, the pattern of calcium deposition is much more vari-
able and largely depends on the distribution of the underly-
ing necrotizing or degenerative process. As mentioned above, 
alveolar microlithiasis, another calcifying process of the 

lungs, is a genetic disorder producing small concentric cal-
cospherites that get deposited in the alveolar spaces. This 
disorder can be separated from diffuse pulmonary calcifica-
tion based on the different clinical setting, disease pattern, 
and histological characteristics.

8.6	 �Pulmonary Hyalinizing Granuloma

Pulmonary hyalinizing granuloma (PHG) is a rare lesion of 
the lung that was first characterized by Engleman et  al. in 
1977 [103]. Since then less than 150 cases have been reported 
in the medical literature [104]. It is an unusual fibrosing 
lesion that presents as solitary or multiple lung nodules 
radiologically closely mimicking metastatic carcinoma. The 
final diagnosis therefore heavily relies on histologic analysis. 
The pathogenesis for this condition is still unclear; however, 
the strong association with inflammatory, autoimmune, and 
hematologic diseases is suggestive of an underlying immu-
nologic pathway [104] (Table  8.3). Moreover, it has been 
speculated that PHG may represent a lesion in the spectrum 
of IgG4-related disease due to frequent occurrence with sys-
temic fibrosis and detection of elevated serum and tissue 
IgG4 in some cases [105].

8.6.1	 �Clinical Features

PHG primarily affects the adult population with an age range 
from 15 to 83 years and a mean age at diagnosis of 45 years. 

a b

Fig.  8.15  (a) The calcific deposits in metastatic pulmonary calcification often show a strong affinity for blood vessels or (b) small airways

Fig.  8.16  Dystrophic pulmonary calcification is seen superimposed 
on previously injured lung parenchyma, here in a case of pulmonary 
amyloidosis

8.6  Pulmonary Hyalinizing Granuloma
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There is slight male predilection and around 60% of patients 
are active smokers. Patients most often present with respira-
tory symptoms, including cough, dyspnea, and hemoptysis 
or general symptoms, such as fever, weight loss, and night 
sweats. It is also not uncommon for patients to be entirely 
asymptomatic, and their lesions are found during diagnostic 
imaging for unrelated reasons. As mentioned above, there is 
a frequent association with systemic diseases, including sys-
temic fibrosis, infectious diseases, autoimmune diseases, and 
hematological disorders [103–107] (Table 8.3). Radiologic 
imaging usually shows randomly distributed nodules and 
masses that may be solitary or multiple. Typically, the lesions 
are well circumscribed and range in size from a few millime-
ters to 15 cm in diameter (Fig. 8.17). Calcification and cavi-
tary changes are only rarely seen [103, 104, 108]. On PET-CT 
scan the lesions may be hypermetabolic simulating a malig-

nant process [107, 109]. The prognosis for patients with 
PHG is generally considered excellent in keeping with the 
benign nature of the lesions [104]; however, in some cases, 
progressive enlargement of the nodules has been described 
[103]. There is no specific treatment for PHG although corti-
costeroids have been shown to improve the natural evolution 
of the process. For most patients, however, close clinical 
follow-up is usually all that is required.

8.6.2	 �Pathological Features

Gross examination of PHG reveals discrete pulmonary nod-
ules of firm texture and pearly white to translucent color. The 
nodules are typically well circumscribed but not encapsu-
lated. Calcification or ossification are not a typical features 
of PHG [103]. Microscopically, PHG are composed of 
homogeneous eosinophilic hyaline collagen bundles orga-
nized in a lamellar or coarse storiform pattern and often 
arranged around blood vessels in a concentric fashion 
(Fig.  8.18a–c). Collections of lymphocytes, plasma cells, 
and histiocytes are often found in the periphery of the nod-
ules (Fig.  8.19); eosinophils and giant cells may also be 
noted occasionally. Foci of ischemic necrosis may be seen 
but are not invariably present. Of note, the lesions may also 
display intimal fibrosis or medial hyalinization of associated 
blood vessels [103–107].

8.6.3	 �Histochemical and Ultrastructural 
Features

Histochemical stains for acid-fast bacilli and fungal organ-
isms are negative. Although usually negative for a Congo red 
stain, isolated cases may show a focal positive reaction, 
including apple green birefringence under polarized light 
[103, 106, 107]. Contrary to the fibrillary structure of amy-
loid, PHG is composed of electron-dense, compact, homoge-
neous, and amorphous material on electron microscopy 
[110].

8.6.4	 �Differential Diagnosis

The hypocellular pattern of PHG is reminiscent of a range 
of lesions with similar histological appearance. Infectious 
granulomas, especially when hyalinized, may closely mimic 
PHG.  PHG can be distinguished from granulomatous 
inflammation based on its distinctive lamellar and concen-
tric pattern and negative histochemical stains for infectious 
organisms. Another entity that enters the differential diag-
nosis is inflammatory pseudotumor (IPT) of the lung, more 
specifically the plasma cell type (plasma cell granuloma). 

Table 8.3  Diseases commonly associated with pulmonary hyalinizing 
granuloma

Autoimmune diseases
Infectious 
diseases Fibrosing lesions

Idiopathic 
thrombocytopenic purpura
Sarcoidosis
Rheumatoid arthritis
Grave disease
Hashimoto disease
Sjögren disease
Riedel thyroiditis
Multiple sclerosis
Granulomatosis with 
polyangiitis
IgA nephropathy
Cutaneous vasculitis

Tuberculosis
Histoplasmosis

Retroperitoneal 
fibrosis
Mediastinal 
fibrosis
IgG4 disease

Ig immunoglobulin

Fig.  8.17  Computed tomography scan of the chest of a patient with 
pulmonary hyalinizing granuloma shows a well-circumscribed solitary 
lesion in the central left lung
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Contrary to PHG, IPT typically occur in a younger patient 
population and are usually solitary lesions. In addition, they 
usually show a diffuse distribution of numerous plasma 
cells and fibroblasts unlike the hypocellular appearance of 
PHG. Further diagnostic considerations include the nodular 
types of amyloidosis and light chain deposition disease 
(LCDD) of the lung. Both these conditions consist of one or 
more nodular deposits of pink, amorphous material in the 
lung parenchyma. In contrast to PHG, the nodular deposits 
of amyloidosis and LCDD are often accompanied or 

admixed with giant cells as well as foci of calcification or 
ossification. In addition, these conditions lack the character-
istic storiform or concentric pattern of PHG.

8.7	 �Pulmonary Amyloidosis

Amyloidosis refers to a group of diseases characterized by 
the deposition of insoluble proteins in the extracellular 
matrix of tissues and organs with the potential of causing 

a
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Fig.  8.18  (a) Low power view of a pulmonary hyalinizing granuloma 
shows a well-circumscribed lesion affecting the lung parenchyma; (b) 
the lesion is characterized by nodular or storiform deposits of collagen 

bundles; (c) the collagen is often arranged in a concentric pattern 
around small blood vessels
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significant organ dysfunction and death [111]. The term 
amyloid (starch-like) to describe this process was first intro-
duced to the literature by Rudolf Virchow when he recog-
nized deposition of a substance in the brain that had 
starch-like staining properties [112]. Today, the term amy-
loid is applied to a wide group of misfolded autologous pro-
teins that deposit in tissues in the form of fibrils [111]. 
Amyloidosis can be a systemic process or present as local-
ized disease. Currently, almost 15 different forms of sys-
temic amyloidosis are recognized and classified according to 
their different precursor proteins [113]. Since treatment and 
prognosis of these various forms of amyloidosis can differ, 
detailed identification of the exact type as well as extent of 
the disease (systemic versus localized) is critical [111]. The 
most common forms of amyloidosis include systemic AL, 
systemic AA, systemic wild-type ATTR, systemic hereditary 
ATTR, and localized AL amyloidosis (Table 8.4). The lungs 
are frequently involved in systemic amyloidosis but can also 
be the site of localized disease. Furthermore, amyloidosis 
affecting the lung can be divided into three separate forms 
depending on the disease pattern: diffuse alveolar-septal 
amyloidosis (DASA), nodular pulmonary amyloidosis (NPA), 

and tracheobronchial amyloidosis (TBA) (Table 8.5). DASA 
is characterized by amyloid deposition in the walls of alveo-
lar septa and blood vessels and is most often a manifestation 
of systemic AL amyloidosis. Localized forms and associa-
tions with other types of systemic amyloidosis have also 
been described [114–117]. Contrary to that, NPA is defined 
as one or more nodule-forming amyloid deposits involving 
the lungs. It is generally associated with localized AL or AL/
AH (mixed immunoglobulin light and heavy chain) amyloi-
dosis although rarely cases of systemic amyloidosis have 
also been reported [118–124]. In addition, recent studies 
have suggested that most cases of NPA are the result of an 
underlying low-grade lymphoproliferative disorder in the 
spectrum of extranodal marginal zone lymphoma of mucosa-
associated lymphoid tissue (MALT lymphoma) [118]. Lastly, 
TBA refers to amyloid deposition in the tracheobronchial 
tree, either in a plaque-like or nodular fashion. Most cases 
appear to represent localized AL amyloidosis, but as with the 
other forms of pulmonary amyloidosis, rare cases associated 
with systemic amyloidosis, most commonly AL and AA 
amyloidosis, have been recognized [114, 125–130] 
(Table 8.5).

8.7.1	 �Clinical Features

Because of its rare symptomatology and common associa-
tion with systemic amyloidosis, DASA most often comes to 
the attention of the pathologist at autopsy, and the patients’ 

Fig.  8.19  The periphery of the collagenous nodules in pulmonary 
hyalinizing granuloma typically contains an inflammatory cell infil-
trate, including lymphocytes, plasma cells, and histiocytes

Table 8.4  Common forms of amyloidosis

Current nomenclature Previous nomenclature Precursor protein Underlying condition
Systemic AL amyloidosis Primary amyloidosis Immunoglobulin light chain Plasma cell dyscrasia
Systemic AA amyloidosis Secondary amyloidosis (Apo) serum amyloid A Chronic inflammatory conditions
Systemic wild-type ATTR amyloidosis Senile systemic amyloidosis Transthyretin, wild-type Age-related
Systemic hereditary ATTR amyloidosis Familial amyloid polyneuropathy Transthyretin, mutated type Mutations in transthyretin gene
Localized amyloidosis – Immunoglobulin light chain MALT lymphoma

MALT mucosa-associated lymphoid tissue, ATTR transthyretin amyloidosis

Table 8.5  Subtypes of pulmonary amyloidosis

Diffuse alveolar 
septal 
amyloidosis

Nodular 
amyloidosis

Tracheobronchial 
amyloidosis

Age 7th decade 7th decade 5th–6th decade
Sex ratio M = F M > F M = F
Underlying 
condition

Systemic 
amyloidosis

Localized AL 
amyloidosis

Localized AL 
amyloidosis

Treatment Based on 
underlying 
systemic 
amyloidosis

Conservative 
surgical 
excision

Laser or forceps 
debridement, 
external beam 
radiation

Prognosis Guarded; 
depends on 
effects of 
systemic 
disease on other 
organ systems

Excellent Guarded; 30% 
mortality
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symptoms are usually related to the effects of amyloid depo-
sition in other organ systems. Affected patients are predomi-
nantly elderly men, and symptoms are non-specific, including 
fatigue and weight loss [131]. As the disease progresses, pro-
gressive interstitial lung disease with respiratory compro-
mise may develop, and pulmonary function tests can show a 
restrictive pattern with reduced diffusion capacity and 
hypoxemia. Radiologic imaging will display reticular or 
reticulonodular patterns of lung involvement on chest radi-
ography or computed tomography (CT) scans; pleural effu-
sions are also common [125] (Fig. 8.20). The treatment of 
DASA is primarily aimed at treating the underlying systemic 
amyloidosis, including chemotherapy and autologous stems 
cell transplantation for systemic AL amyloidosis [132] or 
colchicine for systemic AA amyloidosis [133]. Such strate-
gies are contraindicated for systemic wild-type and heredi-
tary ATTR amyloidosis which require different approaches 
such as liver transplantation in the latter [134]. Likewise, the 
prognosis for patients with DASA largely depends on the 
effects of the disease on other organ systems, most impor-
tantly the heart, while DASA itself is only infrequently asso-
ciated with an immediate effect on survival [135]. The 
nodules of NPA are usually solitary lesions that are inciden-
tally detected during imaging procedures for unrelated rea-
sons. The mean age of patients is 67 years, and males are 
more commonly affected than females (ratio 3:2) [114, 136]. 
On chest imaging, the nodules of NPA are well circum-
scribed and range in size from 0.6 to 9.0 cm. They are often 
located in a subpleural location in the lower lobes of the lung 
(Fig. 8.21). Calcification and cavitation can be seen in a sub-
set of cases [125, 137–139] (Fig. 8.22). Because of the local-
ized nature of NPA, conservative surgical resection is usually 

curative and the long-term prognosis is excellent [140]. TBA 
is the least common form of pulmonary amyloidosis with a 
peak incidence in the 5th to 6th decade and no specific sex 
predilection [125, 127, 141]. Dyspnea, cough, hemoptysis, 
and hoarseness are the most common symptoms and typi-
cally related to the degree of airflow obstruction (Fig. 8.23). 
CT scanning of the chest will show thickening of the major 

Fig.  8.20  Computed tomography scan of a patient with diffuse 
alveolar-septal pulmonary amyloidosis shows bilateral pleural 
effusions

Fig.  8.21  Several irregular nodular lesions affecting both lungs are 
seen on this computed tomography scan of the chest in a patient with 
nodular pulmonary amyloidosis

Fig.  8.22  A large mass-like lesion with cavitation and calcification in 
the right upper lobe of a patient with nodular pulmonary amyloidosis on 
a computed tomography scan
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airways, irregular narrowing of the airway lumen, and het-
erotopic calcification of the airway walls [127, 134, 142, 
143] (Fig. 8.24). The treatment of TBA usually consists of 
laser or forceps debridement or external beam radiation. 
Despite this, recurrence is common, and about a third of 
patients eventually succumb to the disease [127, 144].

8.7.2	 �Pathological Features

Lungs with DASA will demonstrate a rubbery and sponge-like 
consistency involving all lobes on gross examination. The 
pleura may also be involved by the process which may lead to 
recurrent pleural effusions [140]. Low power microscopic 
examination shows a seemingly preserved lung architecture, 
but higher magnification will reveal diffuse deposition of acel-
lular eosinophilic material in the alveolar septa, vessel walls, 
and adjacent visceral pleura (Fig. 8.25a–c). The material may 
also form small interstitial or larger confluent nodules 
(Fig. 8.26). The lesions are typically acellular and only rarely 
accompanied by plasma cells or giant cells [125, 140]. Gross 
examination of the lungs in NPA will show solitary or multiple 
nodular masses in the lung parenchyma, measuring 0.6–9.0 cm 
in size and demonstrating a waxy, gray-tan, and rubbery cut 
surface. On microscopic examination, the nodules (also called 
amyloidomas) are well demarcated and composed of brightly 
eosinophilic and acellular material with small aggregates of 
plasma cells or lymphocytes in the periphery (Fig. 8.27a–c). 
The nodules often show evidence of calcification or ossifica-
tion, and giant cells are commonly identified [125, 140] 
(Fig. 8.28a, b). Submucosal soft tissue masses narrowing the 
airways and compromising the airway lumen can be seen on 
gross examination of the lungs in TBA. Microscopically, 
homogeneous eosinophilic material is seen in the submucosa 
of the airways either in the form of diffuse plaque or sheet-like 
masses or as nodular deposits (Fig. 8.29a–c). The vessel walls 
of small submucosal vessels are commonly affected, and 
plasma cells, giant cells, calcifications, and ossification are a 
common finding [125, 140] (Fig. 8.30).

8.7.3	 �Laboratory, Histochemical, 
Immunohistochemical, and Other 
Ancillary Investigations

The vast majority of patients with systemic AL amyloidosis 
often contain monoclonal immunoglobulins or free light 
chains in their serum or urine [145]. λ light chains are more 
commonly detected than κ light chains in systemic AL amy-
loidosis, DASA, and TBA [140], while the opposite has been 
reported for NPA [118]. The presence of amyloid in tissue 
sections can be confirmed using a Congo red histochemical 
stain which will highlight the bright orange-red deposits 
with bright-field microscopy (Fig.  8.31a, b). Furthermore, 
under polarized light, an apple-green birefringence is 
typically displayed and is currently considered the gold stan-
dard in the identification of amyloid in tissue sections 
(Fig. 8.32a, b). Other histochemical staining methods include 
methyl violet which will show a metachromatic reaction and 
thioflavin T [146]. Ultrastructural examination will reveal 

Fig.  8.23  Submucosal nodularity in the tracheobronchial tract of a 
patient with the tracheobronchial form of amyloidosis

Fig.  8.24  Computed tomography scan of a patient with tracheobron-
chial amyloidosis shows narrowing of the central bronchial tree (arrow) 
in the right hilar/perihilar area
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haphazardly arranged non-branching fibrils measuring 
8–10 μm in diameter [147] (Fig. 8.33). Since the treatment 
and prognosis of amyloidosis heavily depends on the fibril 
protein, precise identification of the amyloid subtype is 
strongly recommended [111]. Although immunohistochemi-
cal antibodies are available for major amyloid subtypes (κ 
and λ light chains, serum amyloid A, and transthyretin), the 
classification of amyloid by this method is suboptimal due to 
abundant background staining, and mass spectrometry-based 

proteomic analysis is currently the preferred method of amy-
loid subtyping in biopsy specimens [148].

8.7.4	 �Differential Diagnosis

The differential diagnosis for pulmonary amyloidosis 
largely depends on the pattern of disease affecting the lung. 
The interstitial pattern of deposition associated with DASA 
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Fig.  8.25  (a) The lung architecture in diffuse alveolar-septal pulmonary amyloidosis appears preserved on low power magnification; (b) higher 
magnification shows subtle thickening of the alveolar septa and (c) vessel walls by an amorphous eosinophilic material
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can be confused with interstitial lung disease, such as usual 
interstitial pneumonitis (UIP) or non-specific interstitial 
pneumonitis (NSIP). The glassy acellular appearance of the 
amyloid deposits coupled with a positive Congo red stain 
should be sufficient to distinguish between these entities. 
Pulmonary hyalinizing granuloma (PHG) is a lesion that 
can closely resemble NPA based on its clinical and radio-
logical appearance as asymptomatic solitary or multiple 
pulmonary nodules. Histologically, PHG differs from amy-
loid nodules due to the presence of thick collagen bundles 
arranged in a lamellar fashion. Calcification or osseous 
metaplasia are not associated with this entity, and Congo 
red staining will deliver a negative result. Pulmonary light 
chain deposition disease (LCDD) is another entity that can 
closely mimic pulmonary amyloidosis and that typically 
presents with diffuse interstitial or nodular tissue deposits 
(Table  8.6). LCDD can be clinically and histologically 
indistinguishable from pulmonary amyloidosis, and separa-
tion of the disease processes usually requires application of Fig.  8.26  Small nodular amyloid deposit in a case of diffuse alveolar-

septal pulmonary amyloidosis

a

c

bFig.  8.27  (a, b) Low power 
view of an amyloidoma of the 
lung demonstrates a 
circumscribed lesion within 
the lung parenchyma; (c) the 
deposit is composed of 
brightly eosinophilic and 
acellular material
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ancillary techniques. In this context, amyloidosis differs 
from LCDD by a positive reaction with a Congo red stain 
and fibrillary quality of the protein deposits on ultrastruc-
tural examination, contrary to the negative reaction with 
Congo red and granular ultrastructural appearance of 
LCDD.

8.8	 �Pulmonary Light Chain Deposition 
Disease

Light chain deposition disease (LCDD) is a rare condition 
characterized by deposition of non-amyloid immunoglobulin 
light chains in various organs interfering with their normal 

a b

Fig.  8.28  (a) Areas of calcification and ossification and (b) multinucleated giant cells are frequent findings in the nodular form of pulmonary 
amyloidosis

a b

Fig.  8.29  (a) In tracheobronchial amyloidosis, the deposits are typically located in the submucosa of the airways; (b) the deposits are homoge-
neous and often brightly eosinophilic; (c) entrapped normal airway components (here bronchial gland) may be identified in some cases
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function. It is most commonly seen in patients with lymphop-
roliferative disease or autoimmune disorders but can be idio-
pathic [149, 150]. LCDD is primarily a multisystem disease 
with kidney, liver, and heart involvement being the most com-
mon manifestations. The lungs are only rarely involved, either 
as part of systemic disease or in a localized fashion [145, 149]. 
Histologically, LCDD is characterized by amorphous tissue 
deposits just like amyloidosis, and both conditions share simi-

lar pathogenesis and clinical findings. Contrary to amyloido-
sis, however, the deposits of LCDD are not congophilic, fail to 
reveal apple-green birefringence under polarized light, and 
form granular, not fibrillary, deposits when examined ultra-
structurally (Table 8.6). On the other hand, pulmonary involve-
ment of LCDD can present in two patterns, nodular and 
diffuse, once again sharing similarities with amyloidosis. 
Ultimately, electron microscopy and/or liquid chromatogra-
phy-mass spectrometry may be necessary to distinguish the 
two conditions (Table 8.6).

8.8.1	 �Clinical Features

LCDD can occur over a wide age range (35–76 years) and is 
more prevalent in men [149]. Since most cases of pulmonary 
LCDD occur in a setting of systemic disease, renal and/or car-
diac involvement is usually present and characterized by renal 
or congestive cardiac failure. In addition, many cases of LCDD 
occur in association with plasma cell dyscrasia, especially 
multiple myeloma, although an association with other B cell 
disorders, such as lymphoma, Waldenström macroglobulin-
emia, and chronic lymphocytic leukemia, has also been 
reported [151]. Pulmonary involvement may be an incidental 
finding, or patients may present with dyspnea, cough, and 
rarely respiratory failure [145, 149, 151–155]. Radiologic 
imaging will demonstrate solitary or multiple pulmonary nod-
ules on average measuring 1.0  cm in diameter (range, 0.4–
1.5  cm) that can contain calcifications or cavitations. The 
presence of thin-walled pulmonary cysts or bullous cavities 
has also been noted [145, 156]. Bilateral interstitial reticulo-
nodular infiltrates are typically seen in the diffuse form of pul-
monary LCDD [157]. Patients with nodular pulmonary LCDD 
generally have a good prognosis, and conservative treatment 
approaches, such as corticosteroids, methotrexate, or ritux-
imab, or observation usually lead to successful management 
of the disease [145, 156, 158]. The prognosis for patients with 
the diffuse form of pulmonary LCDD is more guarded and 
characterized by frequent renal failure and associated mortal-
ity, despite treatment with corticosteroids, cytotoxic medica-
tions, and even lung transplantation [145, 157].

8.8.2	 �Pathological Features

Macroscopically, the lung parenchyma with pulmonary LCDD 
feels firm to touch. The cut surface of lungs with the diffuse 
form of LCDD is firm, rubbery, and dry and may show dif-
fusely scattered minute nodules in a peribronchial or perivas-
cular distribution. The parenchyma of the nodular form 
contains solitary or multiple small nodules of tan or gray color 
ranging in size from several millimeters to 3.2 cm [145, 156]. 
Microscopic examination reveals deposits of amorphous acel-
lular and eosinophilic material in the alveolar septa and vessel 

c

Fig. 8.29  (continued)

Fig.  8.30  Like other forms of amyloidosis, the tracheobronchial type 
can be associated with areas of calcification and ossification

8  Unusual Non-neoplastic Pulmonary Conditions



257

walls in diffuse pulmonary LCDD. In this type, the deposits 
may also form tiny nodular lesions in the interstitium with 
associated lymphoplasmacytic and giant cell reaction. In the 
nodular form, the lung parenchyma will contain extracellular 
nodular aggregates of the same material. Multinucleated giant 
cells and collections of plasma cells or lymphocytes are often 
identified. Foci of calcification and ossification can be seen in 
both types of the condition.

8.8.3	 �Laboratory, Histochemical, 
Immunohistochemical, and Other 
Ancillary Investigations

Analogous to amyloidosis, serum or urine electrophoresis will 
often display the presence of monoclonal immunoglobulins or 
free light chains [145]. In contrast to amyloidosis, these light 
chains are more often of the κ rather than the λ type [145] 

a b

Fig.  8.31  (a, b) The amyloid deposits show bright orange-red staining with a Congo red histochemical stain

a b

Fig.  8.32  (a, b) Under polarized light, amyloid will typically demonstrate apple green birefringence
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(Table 8.6). Furthermore, non-amyloid light chains are non-
reactive with Congo red and fail to display apple-green bire-
fringence under polarized light. Electron microscopy typically 
reveals granular material instead of the fibrils seen in amyloi-
dosis [145, 149, 156, 159] (Fig.  8.34). Mass spectrometry 
techniques can further confirm the diagnosis in difficult cases 
[160] (Table 8.6).

8.8.4	 �Differential Diagnosis

First and foremost, pulmonary LCDD must be distinguished 
from pulmonary amyloidosis. Both conditions show signifi-
cant overlap in terms of clinical presentation, radiologic 
imaging, and morphological features. As mentioned above, 
histochemical, ultrastructural, or other ancillary techniques 

Fig.  8.33  Electron microscopy will highlight the non-branching fibril-
lar structure of the amyloid deposits. (Courtesy of Dr. S Dhingra, 
Houston, USA)

Table 8.6  Pulmonary amyloidosis versus pulmonary light chain deposition disease

Pulmonary amyloidosis Pulmonary light chain deposition disease
Age at presentation 7th decade 6th decade
Sex ratio M = F M > F
Associated diseases Plasma cell dyscrasia

MGUS
Multiple myeloma
Waldenström macroglobulinemia
Chronic inflammatory conditions

Plasma cell dyscrasia
MGUS
Multiple myeloma
Waldenström macroglobulinemia
Lymphoplasmacytic lymphoma
Chronic lymphocytic leukemia
MALT lymphoma
Sjögren disease

Disease patterns Diffuse alveolar-septal
Nodular
Tracheobronchial

Diffuse
Nodular

Light chain type Mostly λ Mostly κ
Histochemical stains Congo red positive Congo red negative
Electron microscopy Non-branching 8–10 μm fibrils Amorphous granular deposits

Mass spectrometry analysis Identification of amyloid-associated peptidesa Absence of amyloid-associated peptidesa

MGUS monoclonal gammopathy of uncertain significance
aamyloid-associated peptides: serum P component, apolipoprotein A-I, apolipoprotein A-IV, apolipoprotein E

Fig.  8.34  Subtle granular deposits, as opposed to the fibrillary struc-
tures of amyloid, can be seen in this case of light chain deposition dis-
ease using electron microscopy. (Courtesy of Dr. S Dhingra, Houston, 
USA)
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are often required to separate these entities. In this context, 
the most important distinguishing features include (1) nega-
tive reaction with Congo red histochemical staining and 
absence of apple-green birefringence in cases of pulmonary 
LCDD compared to pulmonary amyloidosis; (2) more com-
mon presence of κ light chain immunoglobulins in LCDD as 
compared to amyloidosis; (3) granular appearance of deposits 
on ultrastructural examination in LCDD versus fibrillary 
deposits in amyloidosis; and (4) absence of amyloid-associ-
ated proteins on mass spectrometry proteomic analysis in pul-
monary LCDD (Table  8.6). Moreover, just like in cases of 
amyloidosis, pulmonary LCDD must be separated from inter-
stitial pulmonary fibrosis and pulmonary hyalinizing granu-
loma using similar criteria as mentioned above. Lastly, 
IgG4-related disease can involve the lung in the form of soli-
tary or multiple nodules that can closely mimic nodular 
LCDD. The key histological features of this condition include 
storiform-type fibrosis, dense lymphoplasmacytic infiltrate, 
obliterative phlebitis, and at least 50 IgG4+ plasma cells per 
high power field [161]. In contrast, fibrosis and vasculitis are 
not typical findings in LCDD, and the number of IgG4+ 
plasma cells is not increased.
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